We tested the scent-discrimination abilities of infant (i.e., young-of-the-year) nine-banded armadillos (Dasypus novemcinctus) in two-choice tests. The amount of time spent near and the number of touches (with the snout) directed at pads containing various odors were recorded. Infants spent more time near and investigated more often a pad containing their own odor over a pad with no odor (indicating infants could detect the test odors), a pad containing their own odor over one containing odors from a strange infant (i.e., a nonsibling), a pad containing odors from a sibling over one containing odors from a strange infant, and a pad containing their sibling's scent over a pad containing their own scent. These results indicate the potential for discrimination of kin in this species and further suggest that the odors used in discrimination may be individually distinct. This latter result is surprising because nine-banded armadillos are born in litters of genetically identical quadruplets.
One foundation of behavioral ecology is the recognition that genetic relatedness between individuals influences social interactions and population structure (Dawkins, 1976; Hamilton, 1964; Wilson, 1975) . A corollary of this principle is that, all other things being equal, individuals should vary their behavior according to their degree of relatedness to other individuals. While there may be limits to the extent that degrees of relatedness are discriminated, animals are expected to show at least some ability to discriminate between kin and nonkin, and possibly between different types of kin (reviews by Blaustein and Porter, 1990; Fletcher and Michener, 1987; Gamboa et aI., 1991; Hepper, 1986; Holmes, 1988; Sherman and Holmes, 1985; Waldman, 1988 ). An intriguing corollary to this argument is that individuals who are genetically identical may not be able to discriminate among one another (if the discrimination cue is genetically based). Nine-banded armadillos (Dasypus novemcinctus) give birth to litters of genetiJournal of Mammalogy, 75(4); [1033] [1034] [1035] [1036] [1037] [1038] [1039] 1994 cally identical quadruplets (Newman, 1913; Newman and Patterson, 1910) . Breeding occurs in the summer or early autumn, implantation of embryos is delayed, but usually is accomplished by November-December, and infants are born the following spring (Enders, 1966; Patterson, 1913) . Litters first emerge aboveground in May-July. Littermates share a common burrow and forage near one another for a period ranging from a few weeks to several months (Kalmbach, 1943; McBee and Baker, 1982; McDonough, 1992) . Although relatively asocial, there are reasons to suspect that discrimination of kin may be beneficial to armadillos. First, aggression can be quite prevalent in some populations (Denson, 1979; McDonough, 1994) and one might expect aggression to be directed primarily at nonkin. Second, adult armadillos tend to exhibit overlapping home ranges (Clark, 1951; Fitch et aI., 1952; Herbst and Redford, 1991; Jacobs, 1979; Layne and Glover, 1977; McDonough, 1992) . Again, one might expect individuals to tolerate more overlap with kin than with nonkin. These benefits apply mostly to adult animals, but they currently are speculative because we have no information on dispersal of littermates. Thus, it is unclear whether adult individuals interact with kin and, consequently, whether selection would favor kin-discrimination abilities (cf., Beecher, 1991; Blaustein et aI., 1993; Holmes, 1984) . Infant (i.e., young-of-the-year) armadillos may be better candidates for investigating kin discrimination because they do appear to encounter both kin and nonkin. For example, litters often exhibit homerange overlap (pers. obser.) and there are reports of individuals from two or more litters occupying the same burrow (Kalmbach, 1943) . As in other mammals (Halpin, 1986 (Halpin, , 1991 , kin discrimination may be based primarily on olfaction, especially because armadillos have poor eyesight and are relatively nonvocal, but have large, paired anal glands (Brown, 1985; Haynes and Enders, 1961) . In this study, we examine the ability of infant nine-banded armadillos to discriminate between scents from other infants, including between kin and nonkin. We also test the prediction that genetically identical siblings may be unable to distinguish between one another.
MATERIALS AND METHODS

Experiments
were conducted at two locations over a period of 3 years. From 31 May through 7 August 1991, infants were tested on the Rob and Bessie Welder Wildlife Refuge, located near Sinton, Texas. In 1992 and 1993, infants were tested from mid-June to early August at the Tall Timbers Research Station, located near Tallahassee, Florida. We found no across-year or between-population differences in scent-discrimination ability so data were pooled in all analyses.
Study areas were intensively searched for infant armadillos each day during the late morning (1000-1400 h) and early evening (1600-2300 h). We attempted to capture all infants sighted (by hand or with a dip net attached to a pole; see McDonough, 1994) , regardless of whether there were other littermates present. Each captured infant was placed in a separate, clean plastic tub, where it was kept for the duration of the experiments.
Infants were allowed occasional access to water during captivity, but they were not fed. No infant was held >48 h, and all were released at the same time of day and in the same location as where they were originally caught. Siblings were defined as same-sex animals of similar body size, caught in similar locations. While this was our minimal definition of siblings, most siblings were caught together on the same day and clearly belonged to the same litter (i.e., they frequented the same burrows, interacted with one another, had nearly identical body-size measurements and facial patterns, etc.). Although we cannot rule out the possibility, it is unlikely that nonsiblings were classified as siblings by these criteria. We never found more than four same-sized, same-sex individuals in the same area at the same time. Where litters overlapped, litters always differed in sex or body size so that infants could be reliably assigned to a particular litter. However, if we were in doubt about whether two infants were siblings, they were not used in the kin-discrimination experiments.
Scent acquisition.-Odors
were obtained from armadillos by placing one or more Kotex Super Maxi pads in the plastic container with an individual for at least 12 h. The pads were then placed in airtight plastic freezer bags until used. In a few cases, pads were kept in the freezer bags for up to 72 h so that they could be used in testing an animal captured after the release of the scent donor. These pads remained pungent to us, and there was no evidence that they lost their potency for the armadillos either (i.e., infants continued to investigate and discriminate among them in the same manner as infants presented with fresher pads). Prior to testing, pads were cut in half to increase the number of pads obtained from each animal.
Test apparatus.-All experiments were conducted in a modified, circular, liquid cattle feeder. The feeder used in Texas was made of white plastic and measured 150 em in diameter at the base and 170 em at the top. The feeder used in Florida was slightly smaller and made of yellow plastic. The floor of both feeders was covered with sand over which a sheet of white linoleum was placed. The linoleum was attached to the sides of the feeder with white duct tape. Black electrical tape was used to demarcate four equalf'
. sized quadrats inside the feeder. Both feeders had plastic lids with two (in Florida) or four (in Texas) clear windows that provided a means of observing the test animals.
Testing procedure.-In all tests, two pads were used, each placed in opposing quadrats (the feeder was not rotated between tests, so the same two quadrats were used in all tests). The adhesive on the back of the pads was used to attach them to the wall of the feeder, just above the line of duct tape that attached the linoleum floor to the sides of the feeder. The pads were, thus, at about the eye level of infants, which made it easy to identify when an animal was investigating the pads because it had to raise its snout to do so. An observer sat unobtrusively next to the feeder and observed the test animal through one of the clear plastic windows in the feeder cover. The observer always sat in the same position, and all data were collected by the same observer. All tests were conducted doubleblind so that the observer did not know which experiment was being performed or which pad was in either quadrat. The positioning of pads in a given test was random and determined by coin toss. After each test, the floor and walls of the feeder were washed with water and again with isopropyl alcohol to remove any residual odors.
Upon being placed in the apparatus, animals were given an acclimation period of 2:5 min. Data collection did not begin after this period until the animal showed consistent activity by crossing through at least two quadrats. Data were collected for 10 min using a laptop computer and consisted of recording the amount of time spent in each quadrat and the number of times an infant investigated each pad by touching it with its snout. An infant was defined as being in a quadrat if more than one-half its body was located within the quadrat. Each infant was tested in as many as four different experiments. The order of experiments was counterbalanced across subjects, and tests on a given infant were separated by a minimum of I h. In addition, no infant was exposed to the odor of another individual more than once, and we attempted to minimize the use of the same odor source in the same type of experiment more than once (i.e., if infant Al was tested in the sibling versus nonsibling experiment with odor from its littermate A2 and stranger B I, when A2 was tested in the same experiment, we did not use B I as the odor source for the stranger again). Because of limitations on which infants were available at a particular time, we could not control for sex of odor donors in all cases. Thus, in some discriminations using odors from nonsiblings, the non sibling was not the same sex as the test subject. In total, 45 infants were tested (21 in Texas, 24 in Florida). All but one of these infants were tested in more than one experiment,
although not all infants were tested in all experiments.
Experiments.-Experiment I was designed to determine if infants could detect the test odors.
In this experiment, an infant was given a choice between a clean pad and a pad containing its own scent. We predicted infants should prefer the pad containing their own scent.
Experiment 2 examined whether infants could distinguish between odors. In this case, infants were given a choice between a pad containing odor from another infant (a nonsibling) and a pad containing its own odor. There is no clear prediction about the outcome of this test. Infants might prefer their own odor over that of some unfamiliar animal, or they might exhibit heightened curiosity over this novel odor and, thus, spend more time investigating it. Either outcome, however, provides evidence that infants can discriminate between the two scents. Individuals tested in this experiment always came from litters that were spatially remote from one another (usually> I km), so they were unlikely to be closely related or to have encountered each other's scent in the wild.
Experiment
3 tested whether infant odors were individually distinctive. Infants were given a choice between a pad containing their own odor and one containing the scent of a sibling. If infant odors are strictly genetically determined, then infants should be incapable of distinguishing between these two scents. Perhaps a stronger test of this hypothesis would be to present an infant with pads containing scents from each of two siblings (i.e., sibling versus sibling, rather than self versus sibling), but this proved logistically impractical in the present study.
Kin discrimination was tested in experiment 4. Infants were given a choice between a pad containing the scent of their sibling and one containing scent from an unfamiliar infant. We hypothesized that infants would prefer the scent of their sibling over that of a nonsibling. As in experiment 2, individuals tested in this experiment came from litters that were spatially remote from one another. 
Statistical tests.-Comparisons
were made using Wilcoxon signed-rank tests to examine infant preferences for different scents. Although in most cases we had specific predictions about the outcome of particular comparisons, to be conservative all tests were two-tailed.
RESULTS
Experiment 1 showed clearly that infants could detect the odors used in the tests (Table 1). Infants apparently were attracted to their own odor because they spent over twice as much time in the quadrat containing this pad as in the quadrat containing the blank pad, and they also investigated their own pad far more frequently.
The second experiment showed that infants discriminated between their own odor and that of a stranger by investigating significantly more often the pad containing their own scent (Table 1) . There also was a nonsignificant trend for infants to spend more time in the quadrat containing this pad.
Experiment 3 suggested that infant odors are individually distinctive. Surprisingly, infants appeared to prefer the scent of their siblings to their own (Table 1) . Infants investigated significantly more often the pad containing their sibling's scent, and there was a nonsignificant trend for them to spend more time in the quadrat containing this pad.
Experiment 4 provided evidence that infant armadillos are capable of kin discrimination. Infants spent significantly more time near and tended to investigate more often the pad containing scent from their sibling than that containing the scent of a nonsibling (Table 1) .
I DISCUSSION
These results provide evidence for the scent-discrimination abilities of infant ninebanded armadillos. Infants appear capable of detecting odors produced by conspecifics and of discriminating between the odors of different individuals. Such discrimination includes a capacity to distinguish self from stranger, sibling from stranger, and self from sibling.
The implications of experiment 1 are relatively straightforward and confirm that, as in most mammals (Halpin, 1986 (Halpin, , 1991 , olfaction is an important source of information for infant armadillos. Infants, like adults, have poor eyesight and are relatively nonvocal, so their primary sense appears to be olfaction. Thus, they should have easily detected the test odors, and experiment 1 shows they did. This experiment leaves open the question of the source of these odors. Our procedure allowed an amalgam of odors derived from urine, feces, and body glands to permeate the test pads. Infants were not observed during the period when they were depositing these odors, so we do not know the relative contribution of each odor source to the pads. Thus, it is presently unclear which of these sources may be most important in promoting discrimination. A likely candidate might be the secretions from the paired anal glands be- ') . cause we have observed individuals investigating one another by sniffing in the region of these glands (pers. obser.; see also McDonough, 1994) . However, feces also may be important, as we have observed adult armadillos burying their feces in a way that suggests scent-marking of the home range (c. M. McDonough, pers. obser.).
The results of experiment 2 also are not surprising. Infants were able to distinguish between their own scent and that of a nonsibling. Similar results have been obtained for a number of other species (reviews in Brown, 1979; Halpin, 1986) . However, there are two caveats that need to be made about the present findings. First, our results do not allow identification of the type of discrimination that may be occurring. Infants may be distinguishing between familiar and unfamiliar odors, they may be distinguishing between self and other (which would allow discrimination between two familiar odors), or they may be making some other classification of the scents. Further experiments are needed to identify which distinction is actually the relevant one for infants. A second, related point is that discrimination might have been based on the strength of the odors contained in the pads rather than infant identity (this concern also applies to experiments 3 and 4). This seems unlikely because all pads appeared heavily concentrated with scent to us, but only experiments in which the amount of odor applied to the pads is controlled can resolve this issue.
If one assumes that infant odors are genetically determined within an individual, the results of experiment 2 and the fact that armadillo siblings are genetically identical to one another lead to the logical inference that infants should be able to discriminate between the odor of a sibling and that of a non sibling (indeed, it would be the same experiment as experiment 2). The results of experiment 3 call this assumption into question and suggest that infant odors are not litter-specific, but are individually distinctive. Such distinctiveness might arise if siblings feed on slightly different types of food (Leon, 1975; Porter et aI., 1989) or because of maternal effects that make these genetically identical siblings phenotypically different (Storrs and Williams, 1968) .
The results of experiment 4 show that, in spite of intra-litter variability in scent signatures, infants are still capable of discriminating between kin and nonkin. This study is, thus, consistent with studies on a variety of other mammals that also have demonstrated scent-based kin discrimination (review in Halpin, 1991; see also Koprowski, 1993) . However, the present study leaves open the question of the underlying mechanism(s) promoting kin discrimination. Based on our experimental design, infants could be discriminating kin from nonkin on the basis of past association (i.e., familiarity-Holmes and Sherman, 1983) or phenotype matching (Lacy and Sherman, 1983) . Kin discrimination also might be an epiphenomenon of other distinctions infants make between individuals (Grafen, 1990; Hare, 1992 Hare, , 1994 . Thus, while we have shown that infants can discriminate kin from nonkin, we do not know how they accomplish this. Assuming infants do discriminate between kin and nonkin, why should they? At present, we can only speculate on potential benefits. Siblings appear to maintain contact while foraging and share a common burrow for a variable length of time during their first summer (pers. obser.). Such behavior might provide anti predator and thermoregulatory benefits. Of course, infants could reap these same benefits by associating with nonkin as well. Perhaps it is not the increased benefits of associating with kin that are important, but the reduced costs. If associating with other armadillos is costly (in terms of increased competition for food, etc.), perhaps it is better to incur these costs among kin than among nonkin. Clearly, more data are needed before we can begin to understand the costs and benefits of social behavior in armadillos.
While these results indicate the potential for scent discrimination by infant ninebanded armadillos, they leave at least two important questions unanswered.
First, while we have demonstrated the potential for kin discrimination by infants, it remains to be shown that such discrimination actually is manifested in the field and has functional consequences (Blaustein et a!., 1991; Gamboa et a!., 1991; Holmes, 1988) . That is, we have shown that infants can obtain information about their genetic relatedness (or familiarity) to another infant from its scent. We do not know if infants actually use this information.
To begin addressing this issue, we plan tests in which two infants are placed in an arena to see if siblings and non siblings behave differently toward one another. The second question concerns the maintenance of kin-discrimination abilities. Are older animals also capable of similar scent discriminations, or are such abilities unnecessary because of infrequent contact between kin? We tested infants that varied widely in age (based on body weight-McDonough, 1992). As infants get older and heavier, litters appear to break up, so one might expect kin discrimination to be less important to older infants. While this may be so, it apparently did not hinder ability of infants to discriminate among odors in the present study. We divided infants into two groups, light (lower than mean infant body weight) and heavy (greater than mean infant body weight) and could find no difference in discrimination ability. However, to fully understand the potential for kin-biased behavior in older armadillos, we will need to know the fate of littermates as they age, their potential to interact with kin as adults, and the kin-discrimination abilities of yearling and adult armadillos. At present, there is no information available relevant to any of these issues. 
